Acute and recurrent herpes simplex was studied after infection in the ear of two outbred and five inbred strains of mice. In all strains tested there was clinical evidence of infection, and a proportion of the mice became latently infected in the cervical ganglia. Six weeks after infection, when attempts were made to induce recurrent disease by stripping the ears of the mice with cellophane tape, a proportion of animals of each strain developed recurrent disease, characterized by erythema in the skin. At monthly intervals thereafter, the ears were stripped again and, on each occasion, a proportion of the animals developed recurrent disease, with the exception of Balb/c mice. The different reaction of Balb/c and other inbred strains might prove useful in studies on the mechanisms of control of recurrent herpes simplex.
INTRODUCTION
Herpes simplex virus (HSV) produces an acute infection following inoculation of laboratory animals (Baringer, 1975) . However, until recently, there were no reports of recurrent disease in these animals. Underwood & Weed (1974) induced recurrent lesions in 17 % of latently infected hairless mice by treatment with prednisone, and Hurd & Robinson (1977) reported recurrent disease in 30% of Webster-Schneider mice after plucking the hair from the original site of infection. Recurrent lesions developed in 60% of animals when they were also immunosuppressed. Scriba reported spontaneous recurrent disease in guinea-pigs infected with HSV type 2 in the footpad (1975) or the vagina (1976), and Hill et al. (1975) reported such disease in outbred Swiss white mice. These authors have subsequently induced recurrent disease in 20 to 30% of animals by mild trauma (Hill et al., 1978) , and have induced infectious virus in skin by irradiation with u.v. light or injection of prostaglandin E 2 .
To facilitate studies on the mechanisms of latency and recurrence of herpes simplex it is desirable to increase the proportion of mice that have recurrent clinical disease. We have therefore studied acute and recurrent herpes simplex in a number of strains of mice to find out whether inbred strains react in the same way as our outbred mice, and whether strains vary in their suitability for this work.
METHODS
Mouse strains. The Bristol strain of outbred Swiss mice come from a closed colony maintained in our laboratory. The outbred strain MFI-O la and the inbred strains NIH and AKR were purchased from Olac Ltd., Bicester, Oxfordshire, U.K. The inbred strains A and SWR were purchased from Bantin and Kingman Ltd., Hull, U.K. A breeding nucleus of Balb/c mice was obtained from Dr R. Taylor, Department of Pathology, University of Bristol, and the strain was maintained in our laboratory. All of the strains used were albino mice, since it is difficult to recognize erythema in the ears of pigmented mice.
Infection of the mouse ear. All mice used were females, and were injected subcutaneously in the right ear with 6 x l04, 1 x 105 , 3 x 105 or 6 x 105 p.f.u. HSV-1 strain SC.16 when 4 weeks old.
Induction of recurrent disease. The right ears of mice were stripped six times on the upper surface with cellophane tape. Erythema of sufficient severity and duration was defined as recurrent disease. In Bristol mice, such erythema correlates well with isolation of virus from the skin (Hill et al., 1978) and with the presence of herpetic lesions, e.g. vesicles or pustules (T. J. Hill, W. A. Blyth & D. A. Harbour, unpublished results) . Isolation of virus from the ear. Mice were killed by cervical dislocation. The skin was scraped from the upper surface of the ear, ground in 0.4 ml maintenance medium in a tissue grinder, and put on to Vero cell monolayers grown in 25 cm 2 plastic flasks (Sterilin). Cultures were examined for c.p.e, for a week (Hill et al., 1978) . Isolation of virus from cervical ganglia. Mice were killed by intraperitoneal injection of sodium pentobarbitone, and the 2nd, 3rd and 4th cervical ganglia were removed. They were cultured for 4 days at 35 °C in 0.5 ml growth medium, ground in a tissue grinder, and 50/~l samples were put on to cultures of Vero cells to detect the presence of HSV.
Statistics. To test differences involving proportions of mice, 'confidence intervals for a population proportion' were set (Clarke & Cooke, 1978) , unless otherwise stated.
RESULTS

Primary infection of the mouse strains
In all strains tested, there was clinical evidence of infection, characterized by erythema of the ear during the first 2 weeks of infection. Animals that developed signs of neurological disease (e.g. paralysis of a limb) usually died, but ear paralysis (either transient or permanent) was common in surviving animals. There was considerable variability between strains, and within some strains (Table 1) . The inbred strains Balb/c, NIH, SWR and AKR were the most uniform in their response to infection, whereas the two outbred strains, Bristol Swiss and MFI, together with the inbred strain A were rather variable. Strain A was the most susceptible; 39% of animals died of the infection. Only 2% of the MFI and NIH strains died when infected with 6 x 104 p.f.u./mouse, but the proportion of NIH mice that died was increased to 19% by raising the dose to 6 x l0 s p.f.u./mouse.
When the severity of erythema was scored 0 to + + + the proportion of surviving animals with a score of at least ++ varied from only 23 % in the Bristol Swiss mice to 97% in NIH mice infected with 6 x 105 p.f.u. Animals were considered 'suitable' for use in experiments on reactivation of disease only if they fulfilled certain criteria (Hill et al., 1978) , i.e. if they showed erythema of at least + + severity or ear paralysis durifig the primary infection. The incidence of ear paralysis varied between 10% in MFI mice and 73% in SWR mice. There was no correlation between severity of erythema and presence of ear paralysis.
All of the inbred strains, with the exception of strain A, gave high proportions of mice 'suitable' for further experiments. The group from the two outbred strains had no more than 40% of such mice.
The majority of animals of each strain (except Balb/c and NIH mice infected with 6 × 105 p.f.u.) were without clinical erythema by the 10th day after infection.
Six weeks after infection, before mice were first used for reactivation experiments, their ears were examined for the presence of erythema. At this time, no Balb/c mice showed erythema but it was seen in 2 to 43 % of mice of the other strains (Table 1) .
Clinical recurrence of herpes simplex following stripping with cellophane tape
Mice were examined for persisting or recurrent erythema and excluded from the experiments if this was found. To test whether the severity of primary disease affected the 
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t At least 100 mice were infected except in Balb/c (82) and SWR (62). $ + + severity on a score 0 to + + +. § By the criteria of Hill et al. (1978) . 
incidence of recurrent disease, 'suitable' and 'unsuitable' mice were considered separately. All mice were stripped with cellophane tape 6 and 10 weeks after primary infection and some groups were stripped on further occasions (Table 2) . A proportion of 'suitable' mice of all strains developed recurrent disease on the first occasion of stripping, and all but Balb/c mice did so on the second occasion. In the case of SWR mice, the numbering system used to identify mice failed after the first stripping, so in subsequent experiments 'suitable' and 'unsuitable' SWR mice were treated together.
On the third occasion of stripping, 14 weeks after primary infection, proportions of SWR mice, and 'suitable' animals of the NIH, MFI and Bristol Swiss strains developed recurrent disease, whereas Balb/c mice again did not. Mice of strains A and AKR were not tested for clinical recurrence on this occasion.
'Unsuitable' mice were also stripped with cellophane tape on at least two occasions, with the exception of NIH mice infected with 6 x 104 p.f.u, which were only stripped 6 weeks after infection. There were too few 'unsuitable' Balb/c and NIH mice infected with 6 × 105 p.f.u, to make an experimental group. In every case, some 'unsuitable' mice of strains MFI, A, AKR, NIH, SWR and Bristol Swiss showed recurrent disease after stripping ( Table 2) .
The numbers of mice that developed recurrent disease on one or more occasions in this series of experiments were compared, by X 2 test, to expected values calculated from the expansion of (p + q)n where p is the average incidence of recurrent disease for the particular group of mice, q is 1 -p and n is the number of times the animals were stripped. Significant differences were not found so that there was no evidence that the variations in incidence were not random. In addition, for each strain, the number of 'suitable' and 'unsuitable' mice which had recurrent disease was compared with the expected values calculated when p is the average incidence of recurrences for all mice. Balb/c mice (X 2: P < 0.01) and 'unsuitable' Bristol Swiss mice (Z2: P < 0.05) were significantly less likely to have recurrent disease than average.
The results were then compared statistically to find whether there were significant differences in the incidence of recurrent disease. When 'suitable' and 'unsuitable' mice were treated together, Balb/c mice were less likely to have recurrent disease than any other strain. Probabilities varied from P < 0.01 to <0.001. In addition, when infected with 6 x 104 p.f.u., Bristol Swiss mice and NIH mice were less likely to have recurrent disease than MFI or SWR mice. When only 'suitable' mice were considered, Balb/c mice were again less likely to have recurrences than any other strain (P < 0.01 to <0.001). Again, when infected with 6 × 104 p.f.u., NIH mice had significantly fewer recurrences than MFI or AKR mice (P < 0-05). No other significant differences were found. When 'unsuitable' mice were compared, the only significant difference found was that Bristol Swiss mice were less likely to have recurrences than MFI (P < 0.05). When 'suitable' mice were compared to 'unsuitable', several statistically significant differences were found. Bristol Swiss 'unsuitable' mice were less likely to have recurrent disease than 'suitable' mice of Bristol Swiss, MFI, A or AKR strains (P < 0.05 to <0.001). 'Unsuitable' mice of strain A were less likely to have recurrences than Bristol Swiss, MFI, or strain A 'suitable' mice (P < 0.05). The result for 'unsuitable' AKR mice was not significantly different from that for 'suitable' mice of any strain. However, MFI 'unsuitable' mice were more likely to have recurrences than Balb/c mice.
The average duration of recurrent erythema for any group in the whole series of experiments ranged from 2.5 to 4.5 days. There were no significant differences in duration in any group or strain of mice (t-test).
By inspection of the results, it appeared that there was a tendency for a greater proportion of mice to show recurrent disease on the first occasion of stripping than on the second occasion. This trend was tested statistically and the differences were significant for Bristol Swiss, MFI, AKR, Balb/c and NIH (infected with 6 x 10 4 p.f.u.). To determine whether this decrease was a consequence of the age of the mouse, a group of latently infected Bristol Swiss mice was stripped for the first time 22 weeks after primary infection, and thereafter at monthly intervals. A control group was stripped at monthly intervals from the 6th week after infection (Table 3 ). In this control group, 49% of animals suffered recurrent disease after the first stripping. This figure fell to 12 % after the 5th stripping 22 weeks after infection and even lower, to 0 % and 3 % on later occasions of stripping. Of the group stripped for the first time 22 weeks after infection, 32 % developed recurrent disease on this occasion and the incidence remained at about this level after the next two strippings. Thereafter, the incidence fell to the low levels seen in the control group. * All mice were infected with 6 × 104 p.f.u. "t" Mice were sampled whether or not they showed erythema. Bristol outbred mice had been stripped on three previous occasions; the other strains on two, except NIH, which previously had not been stripped. ~2 ND, Not done. § Virus isolated/number tested, 'unsuitable animals' (Hill et al.. 1978) .
II Virus isolated/number tested, 'suitable animals' (Hill et al., 1978 (Hill et al., 1978) , stripped on three previous occasions. NIH: infecting dose 6 x 105 p.f.u., 'suitable' animals. Those tested 6 weeks after infection had not been stripped previously; the others were survivors from this test.
Cumulative figures for the percentage of mice that showed recurrent disease after each occasion of stripping were calculated (Tables 2, 3) . By Z 2 analysis no significant difference was found between the likelihood of recurrent disease in animals that had or had not previously shown such disease.
Isolation of virus from the ears of mice
Previously (Hill et al., 1978) we showed a high correlation in Bristol Swiss mice between recurrent clinical disease and isolation of infectious virus from the skin of the ear. We therefore wished to test this correlation in the other strains of mice. On the 2nd, 3rd, 4th or 5th day after stripping the ears, attempts were made to isolate virus from the skin of groups of at least 10 mice irrespective of whether the animals showed clinical signs of recurrent disease. The need for these large groups made it necessary sometimes to use 'unsuitable' mice. Virus was not recovered from the ears of 57 'unsuitable' MFI mice (Table 4) , eight of which showed erythema at the time of sampling. Virus was isolated from the ear of one out of ten strain A mice sampled 3 days after stripping, and from three out of ten mice sampled after 4 days. Three of these four mice had clinical erythema at the time of sampling, as had 11 others. Virus was isolated from the ear of one clinically normal AKR mouse sampled 2 days after stripping but not from mice sampled at other times. Eight mice of this strain showed erythema at the time of sampling. Virus was isolated from three out of 24 Bristol Swiss mice sampled 4 days after stripping and from two out of 24 sampled after 5 days. Two of these five mice had clinical erythema as did four mice from which virus was not isolated. Virus was isolated, 3 days after stripping, from one out of 11 NIH mice infected with 6 × 104 p.f.u. This mouse had erythema at the time of sampling, as did two mice sampled 4 days after stripping.
Other groups of mice were stripped with cellophane tape and their ears were sampled when erythema first appeared, or if erythema was present from the 1st day, on the 4th day after (Table 5) . Of 41 SWR mice stripped 18 weeks after primary infection, 13 were sampled, and four yielded virus from the skin. Of 28 NIH mice, infected with 6 x 105 p.f.u., stripped 6 weeks after infection, nine were sampled and from four, virus was isolated. In both strains, the incidence of virus isolation was similar to that previously reported for Bristol outbred mice (Hill et al., 1978) . The remaining mice in this group of NIH mice were stripped again 4 weeks later. Of 15 mice stripped, three were sampled but no viruses were isolated.
Herpes simplex infections in mice
Latent infection in the cervical ganglia Ganglia were tested for latent virus by culture in vitro at various times after infection (Table 6 ). With the exception of AKR mice, 'unsuitable' mice showed low incidences of latent infection. 'Unsuitable' Bristol Swiss mice and 'suitable' NIH mice infected with 6 x 105 p.f.u. were tested early (4 to 7 weeks after infection) or late (16 to 27 weeks after infection). The incidence of virus isolation was not significantly different in the early or late tests.
When individual mice within strains were compared, there was no correlation between severity of primary infection and subsequent isolation of virus from the ganglia. Also, there was poor correlation between latent infection and recurrent disease.
When attempts were made to isolate virus from ganglia of those mice that had been stripped at monthly intervals from the 6th or the 22rid week after infection, no difference in the incidence of isolation was seen between the two groups (Table 3 ). In addition, there was no correlation between isolation of virus and the number of times that a mouse had developed recurrent disease.
DISCUSSION
Spontaneous recurrent herpes simplex has been reported to occur in guinea-pigs infected in the footpad (Scriba, 1975) or vagina (Scriba, 1976) and in mice infected in the skin of the ear (Hill et al., 1975) . In the latter model, and in that of Hurd & Robinson (1977) , recurrent disease can also be induced in about 30 to 50 % of animals by applying stimuli to the skin (Hill et al., 1978; Blyth et al., 1980) . In these published studies we used outbred mice from a closed colony maintained at the University of Bristol so that differences between our results and those of others who did not see recurrent disease (Stevens et al., 1975) might have been due to the strain of mice used. We therefore tested the susceptiblity to primary infection with HSV-1, and to development of recurrent disease, of five inbred and a further outbred strain of mice. The choice of strains was restricted to albino animals since the most convenient method of screening for recurrent disease was to examine the ears for erythema (Hill et al., 1978) .
Excepting strain A, the inbred strains of mice showed less variability from animal to animal in clinical response to primary infection than outbred animals. This was an advantage since more animals were 'suitable' for later experiments, by the criteria of Hill et al. (1978) . This somewhat artificial selection is based on the assumption that animals with relatively severe clinical signs in the skin during primary infection are most likely to develop latent infection in sufficient neurons to make recurrence likely. The assumption was supported by results for Bristol outbred mice, in which the incidence of virus isolations from the ganglia of'unsuitable' animals was considerably less frequent than from 'suitable' animals. 'Unsuitable' Bristol outbred mice were also significantly less likely to develop recurrent disease after stripping, but the distinction was less obvious in other strains. In general, there was poor correlation between the proportion of 'suitable' animals in any strain and the incidence of recurrent disease after stripping.
The incidence of erythema seen 6 weeks after infection (before starting experiments on recurrence) also varied widely from strain to strain. In some instances this erythema could have persisted from the primary disease but in others it probably resulted from spontaneous recurrence of disease (Hill et al., 1975) . In Bristol outbred mice the incidence was very close to that for spontaneous recurrent disease (Hill et al., 1978) , and it is noteworthy that only the Balb/e strain was free from this erythema.
All strains showed recurrent disease following stripping 6 weeks after primary infection; in 'suitable' mice the incidence varied from 20 to 42%. On subsequent occasions of stripping, recurrent disease again developed in all strains except Balb/c, in which no recurrence was seen after stripping 10 or 14 weeks after primary infection. This dramatic absence of recurrences was not reflected in a difference between Balb/c and other strains in the detection of latent infection in ganglia. Indeed, the proportion of Balb/c mice from which virus was isolated was the highest of any strain. The restriction of the study to albino mice limited the range of H2 types of the inbred strains available for use in our experiments. Therefore, no comment can be made on the possible relationship between H2 type and recurrent disease as has been suggested for HLA type and recurrent herpes in humans (Russell & Schlaut, 1975) . However, it is of interest that those strains (A, AKR and SWR) categorized by Lopez (1975) as 'very susceptible' to primary infection showed recurrent disease on repeated stripping whereas Balb/c mice, which showed recurrences only after the first stripping, were also relatively resistant to primary infection in our work and that of Lopez (1975) .
In Bristol outbred mice the incidence of recurrent disease was relatively high after the first three occasions of stripping regardless of whether the first stripping was 6 or 22 weeks after infection. This suggests that the incidence of disease might be influenced more by the number of strippings than by the age of the animal. By acting as a 'ganglion' or 'skin trigger' or both, stripping on repeated occasions might lead to an increase in virus available to stimulate the immune response, and thus, to the low incidence of recurrent disease (0 to 5 %) seen in both groups of animals in this experiment. However, in mice first stripped 22 weeks after infection, the incidence fell to this low level after only four occasions of stripping whereas in those first stripped 6 weeks after infection, the low level was reached only after eight occasions of stripping. Hence, it seems likely that other factors, besides repeated stripping, alter the likelihood of recurrent disease. If trauma to the skin reactivates virus in the ganglion, the decrease in incidence of recurrent disease might be explained as follows: reactivation of the latent infection eliminates the affected neuron (McLennan & Darby, 1980) and thus decreases the extent of latent infection and the likelihood of recurrence. However, there was no evidence that previous recurrent disease in individual animals made further episodes of recurrence less likely. The likelihood of recurrent disease might also decrease if there is a gradual change over several months in the state of latent infection in the ganglion (Schwartz et al., 1978) from a 'dynamic' to a 'static' state of latency (Roizman, 1965) .
Overall, the incidence of isolation of virus from the ganglia was relatively low and, in all strains, a significant proportion of animals which developed recurrent disease did not have demonstrable latent infection in their ganglia (Table 6 ). The reasons for this need further investigation but four possibilities are: (i) inefficiencies in the method used to demonstrate latent irifection. (ii) Sites other than the cervical ganglia may harbour latent virus. Candidate sites include the trigeminal, facial, vagal and superior cervical ganglia since nerves from these all innervate the ear. In a group of 31 'suitable' Bristol outbred mice, virus was isolated from eight trigeminal, three vagal and 20 pooled cervical, but no facial ganglia. In a further group of 18 similar mice, HSV was isolated from one superior cervical ganglion. (iii) Repeated trauma to the skin may act as a 'ganglion trigger' and thereby eliminate latently infected neurons (McLennan & Darby, 1980) . (iv) Virus may be present in the ganglion in a non-inducible form (Brown et al., 1979; Cabrera et al., 1980) .
In conclusion, both inbred and outbred strains of mice developed recurrent clinical herpes after trauma to the skin, but in the Balb/c strain this occurred only on the first occasion of testing, which coincided with a short interval from primary infection. The different reaction of Balb/c from other inbred strains of mice might provide the means for investigation of immunological, genetic and other mechanisms of control of recurrent herpes simplex.
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